The precordial movements were studied in 24 adults with pulmonic stenosis. All patients were studied by cardiac catheterization. Normal kinetocardiographic criteria were applied to the patients with pulmonic stenosis. These provided a measure of the magnitude of atrial movements and relative amplitude and duration of movements associated with ventricular systole. Twenty-two patients had abnormal ventricular systolic movements by these criteria. These increased systolic movements are attributed to right ventricular overload. However, the location of these movements was frequently in areas generally considered as reflecting left ventricular activity. Possible explanations for this apparent paradox are discussed. There was a predictable relation between the motions associated with atrial contraction and the right ventricular pressure.
Diagram of motions studied. The K1, tracing represents the right parasternal area and K45 represents the apical area. Atrial movements were studied in K14 by summing the atrial upstroke (AU) and downstroke (AD) and dividing by the total systolic retraction (SR). Motions due to ventricular activity were studied relative to an arbitrary horizontal baseline throtugh the point 0.04 sec after the onset of the QRS. The right ventricular ratio was computed as the ratio of the amplitude of the RVM above the baseline to the total SR. The durations relative to the baseline of the systolic outward movements (RVM and LVM) were measured in the K,, K,K and K,5 areas and in the area representing the maximum impulse (KPMI).
tracings were analyzed individually by studying specific movements illustrated in figure 1. To assess movements associated with atrial systole, the "right atrial ratio" was calculated from the K13 or K14 tracing.15 This ratio is obtained by adding the amplitudes of the atrial upstroke and downstroke and dividing by the total systolic retraction of the kinetocardiographic complex. Standard measurements were made of each tracing by drawing an arbitrary horizontal baseline through the point 0.04 second after the onset of the QRS complex of the electrocardiogram. '6 Ventricular activity begins in most instances approximately at this time, and the movements due to atrial systole frequently extend to early systole; thus, the rationale for selecting this point. If the impulse is below the base line, it is regarded as having a duration of 0 or as absent. If it extends above the baseline, its duration above this baseline is measured in seconds. The K14 tracing normally has a single early systolic outward movement (right ventricular movement). The K24, K45 and other left precordial tracings are characterized by an initial ventricular movement beginning at about 0.04 second after the onset of the QRS. This initial movement is followed by a pre-ejection retraction movement and then the true apex thrust associated with ejection systole beginning about 0.08 second after the onset of the QRS. When the initial outward movement was separated from the apex thrust, only the duration of the latter was measured. In addition to the duration of the outward movements, the amplitude of the right ventricular movement in the K14 tracing was assessed. This was done by calculating the "right ventricular ratio."-5 The ratio is obtained by dividing the amplitude of the initial outward movement above the baseline by the amplitude of the systolic retraction movement.
The K14, K24, and K45 tracings were analyzed. In addition, the tracing representing the maximum cardiac impulse (Kp-.% ) was studied when it was located outside the three designated areas. These other areas examined included all lower precordial and epigastric areas. The KPMI location is determined by selecting the tracings in which the early systolic movement has the greatest amplitude above the baseline.
Computer and statistical analyses were performed on an IBM 7040 computer.
Results
The cardiac catheterization findings are presented in table 2. The arterial oxygen saturation was normal in 22 patients, and no intracardiac shunt was demonstrable by indicatordilution techniques in two patients. The ventricular systolic pressure was 30 to 50 mm Hg (mild) in 10 patients, 50 to 100 mm Hg (moderate) in five patients, and exceeded 100 mm Hg (severe) in nine patients. The cardiac index at rest was normal in all instances in which the stenosis was mild or moderate but Circulation, Volume XXXV, March 1967 was low in three of the nine patients with severe stenosis. The arteriovenous oxygen difference was abnormally increased in two patients with mild stenosis and in five with severe stenosis.
Figures 2 to 5 represent comparisons by overlay of the overall mean normal and mean pulmonic stenosis normalized kinetocardiographic complexes. Note in figure 2 that at the K14 position the overall configuration in pulmonic stenosis is very similar to normal, that the right ventricular movement is not sustained, and that the chief movement during ejection systole is retraction of the precordium toward the spine. In figure 3 The data from the individual records are presented in table 3. Seven of the 24 patients had an abnornal atrial ratio (normal is < 0.47). Figure 6 shows the relation between the right ventricular end-diastolic pressure and the atrial ratio. The correlation coefficient (r) was 0.75. There was a similar relation between the atrial movements and the right ventricular systolic pressure (r = 0.70).
The right ventricular ratio ranged from 0.06 to 1.50, with a mean of 0. The duration of the right ventricular movement in K14 ranged from 0.01 to 0.24 sec with a mean of 0.05 sec and SD of 0.04 sec (normal range = 0.01 to 0.05 sec, mean = 0.029 sec, SD =0.013 sec). Ten of the 24 patients had a slightly prolonged outward movement, and only one patient had a markedly sustained outward movement in K14. The K24 complexes demonstrated a more sustained systolic outward movement, ranging from 0 to 0.30 sec with a mean of 0.08 sec and SD of 0.08 sec (normal mean = 0.045 sec, SD -0.02 sec). Ten patients had abnormally sustained early outward movements in this area. However, with two exceptions, the chief movement was systolic retraction in the K14 and K24 positions. Thus, in the parasternal areas, the kinetocardiographic recordings were abnormal in six of nine patients with severe stenosis, four of five patients with moderate stenosis, and five of 10 patients with mild stenosis.
In the K45 area the average duration of the systolic outward movement was 0.17 sec with an SD of 0.12 sec (normal mean = 0.045 sec, SD -0.02 sec). This motion was abnormally sustained in 17 of the 24 patients. These 17 abnormal records included six of the nine patients in the severe group, four of the five patients in the moderate group, and seven of the 10 patients in the mild group.
The duration of KPMI averaged 0.24 sec with an SD Of 0.11 sec (normal=0.045 sec, SD 0.02 sec). Twenty-two of the patients had an abnormally sustained Kp.11. The two patients who did not have an abnormal KpMI had right ventricular systolic pressures less than 50 mm Hg. The Kpm11 was abnormally sustained in all 18 patients in which it was located in the lateral left precordium and four of the six patients in which it was situated in the parasternal region.
Ten of the 18 patients with a KpIm situated in the lateral left precordium had abnormal but less prominent systolic outward movements in the parasternal area, and three of the four patients with a Kpm51 located in a parasternal area had abnormal systolic movements over the lateral left precordium. Therefore, 13 of the 22 patients with an abnormal KpmII had lesser abnormalities in other areas. Five of these were in the severe group, four in the moderate group, and four in the mild group. There was not a good correlation between the duration of the Kpm11 and the right ventricular systolic presure (r = 0.49).
Discussion Twenty-two of 24 patients with mild to severe isolated pulmonic stenosis were observed to have an abnormally sustained maximum cardiac impulse. In 18 patients this was in the lateral left precordial region, in three patients in the left parasternal region, and in one patient in the right parasternal area; in two patients the impulse was normal. In addition, there was a good correlation between the magnitude of the atrial movements associated with atrial contraction and the right ventricular systolic and diastolic pressures.
Patients with pulmonary hypertension and right ventricular hypertrophy often have prominent initial and mid-systolic outward movements in the parasternal region. This movement is frequently the most pronounced in mid-systole and is thought to represent increased pressure in the pulmonary artery. 5 6 The initial outward movement is possibly related to the true right ventricular hypertrophy, since it is present in patients with pressure and flow loads.7 The mid-systolic outward movement apparently is related to pressure loading, since it is quite prominent in conditions with pulmonary arterial hypertension. Simultaneous with the parasternal outward movement is lateral left precordial retraction. In pulmonic stenosis there are normal or decreased pressure and pulsation in the pulmonary artery. Therefore, in this disease one would anticipate an abnormal initial outward movement and absent mid-to-late systolic outward movement. The observations in the present study are in accord with these conclusions. However, it was surprising to find that the abnormalities were usually over the lateral left precordium rather than the right and left parasternal areas. This is demonstrated in figure 7 , comparing the kinetocardiograms of a patient with mitral stenosis and a patient with pulmonary stenosis. The hemodynamic alteration may be another factor influencing the observation in the present study. Normally, the septum, which bulges into the right ventricle during diastole because of the higher pressure in the left ventricle, straightens and shortens during isometric contraction.19 This results in leftward movement of the septum, which probably is the mechanism of the large isometric downstroke in the left precordial areas. In patients with pulmonic stenosis, it may be that the septum at the end of diastole is not displaced rightward because of the higher diastolic pressure in the right ventricle. This would mean that leftward displacement of the septum during isometric systole would not occur. Thus, as observed in the present study, the isometric downstroke in the left precordium is reduced.
The decreased slope of the filling curve probably represents a decreased rate of ventricular filling. This is presumably due to decreased compliance of the right ventricle.
Schmidt and Craige,3 using a method in which the transducer and sensing device are fixed to the chest wall, and therefore recording relative intercostal space movement, reported abnormal early systolic precordial movements from the left parastemal area in children. They did not report observations from the lateral left precordial and left ventricular apex areas. In the present study, five of the six patients with a maximum cardiac impulse located in the parasternal region were under the age of 20. This is further evidence that with increasing duration of right ventricular overload the configuration of the heart changes, resulting in abnormal lateral left precordial movements.
A prominent objective in studying the precordial movements has been to refine the art of palpation. Although adults with pulmonic stenosis may have abnormal left parasternal and epigastric movements, it is likely that in only a few is the movement of sufficient force to palpate. In the great majority, however, the The results from analysis of the atrial movements indicate that these may be useful in predicting right ventricular pressure. The absence of a predictable relation between the systolic precordial movements and the right ventricular pressure suggests that this motion is a reflection of additional right ventricular parameters such as position, shape, stroke work, and left ventricular influence. Further studies are needed in an attempt to clarify this.
